Abstract: Implant-based drug delivery necessitates a rigorous quantitative assessment and quality control of the drug release behavior. In this context, a fast simultaneous UV-VIS spectrometer quantification method was developed for an antibiotic dual drug system. Particular challenges arose from interfering spectra, as well as different solubility and stability of the drugs. The test system used here consists of the antibiotics Minocycline and Rifampin, which are used as an antibiotic combination approach in a growing number of device applications, such as impregnation of venous or urethral catheters. Two suitable wavelengths for this test system were identified. At a wavelength of 475 nm only Rifampin shows an absorption maximum, which was used to determine the concentration of Rifampin in the mixture. At 245 nm both antibiotics have a local extremum, a maximum for Minocycline, and a minimum for Rifampin. The developed UV-VIS spectrometer method for Rifampin and Minocycline dissolved in Sörensen buffer showed good results for small concentrations of Minocycline. For stability tests, a mixture of both antibiotics (1:1) was stored at 37°C for up to 144 h in NaCl solution (0.9%), and in Sörensen buffer, respectively. At defined time points, UV-VIS spectra were recorded, and feasibility of this quick simultaneous quantification method for these two widely used antibiotics was demonstrated.
Introduction
The antibiotics Minocycline and Rifampin are used as antibiotics in combination in a growing number of device applications, such as impregnation of venous or urethral catheters [1, 2] . Particular challenges for those applications arose from different stabilities and solubilities of the drugs according to used solvents.
For fast quantification of antibiotics a UV-VIS spectrometer method was developed. It should enable the monitoring of coating or impregnation procedures.
In theory, it is possible to quantify two substances in parallel by UV absorption. Therefore, the spectrum of substance A needs to have an absorption maximum at a wavelength ( 1 ) where substance B shows no absorption. A second condition that needs to be fulfilled is the coincidence of at least local extremes of both substances in the spectra, and the local extreme of substance B must be a maximum (wavelength  2 ). Hence, the concentration of substance A can be measured by simply using a calibration curve at wavelength  1 .
The intensity of wavelength  2 correlates with the sum of the intensities at that wavelength of substance A and B.
 and 
where c is the concentration of the pure substance, I is the intensity and  is the wavelength. In a mixture c A is defined as: Then the intensity of wavelength 2 of substance A can be calculated with the help of the calibration curve giving I calc ( 2 ) taken the following relation:
Hence, three calibration curves need to be determined: for the pure substance A at both wavelengths ( 1 and  2 ) and for the pure substance B at wavelength  2.
Materials and methods

UV-VIS measurements
For UV-VIS measurements antibiotics were diluted in 0.9% NaCl solution and Sörensen buffer (pH 7.4), respectively. Different concentrations in the range of 0.5 to 50 mg/L were investigated with a ThermoScientific BioMate TM 3S. The spectra were recorded in a range of 200 to 700 nm.
HPLC measurements
During this project an isocratic HPLC method (reversed phase) (see Table 1 ) was developed for simultaneous quantification of Rifampin and Minocycline. A Knauer Smartline HPG system consisting of a solvent degasser, two pumps S1000, a mixing vessel, a sampler S3900, a column oven and a UV detector S2600 was used. For calibration Rifampin was dissolved in methanol and Minocycline in water (serial dilution).
Stability studies
Stability experiments were performed in NaCl solution (0.9%) and Sörensen buffer pH 7.4 (phosphate buffer) at ambient temperature and at 37 °C.
Therefore 10 mg/L of each drug, were dissolved in 10 mL of the medium. The drug amount was determined daily via HPLC over one week.
A mixture (1:1) of both antibiotics (c = 10 mg/L each) was stored at 37°C for up to 144 h in NaCl solution (0.9%) and Sörensen buffer, respectively. At defined time points UV-VIS spectra were recorded (see Figure 4) .
Results and discussion
Parallel quantification of Minocycline and Rifampin via UV-VIS
The two suitable wavelengths for the test system were identified (see Figure 1 ). 
A) B)
At a wavelength of  1 = 475 nm only Rifampin shows an absorption maximum, which was used to determine the concentration of Rifampin in a mixture. At  2 = 245 nm both antibiotics have a local extremum, a maximum for Minocycline and a minimum for Rifampin. The concentration of Rifampin in a Rifampin/Minocycline mixture equals the result at I 475nm . The concentration of Minocycline in a Rifampin/Minocycline mixture equals the result at I 245nm minus the theoretical result at I 245nm for Rifampin. 
Determination of the concentration of antibiotics regardless of the individual degradation
Stabilities of antibiotics
Examinations of both antibiotics in NaCl solution (0.9%) and Sörensen buffer always led to degradation of the drugs over 7 days (see Figure 3 ). An adequate stability of both antibiotics was achieved in Sörensen buffer at RT over 20 h. At 37°C both antibiotics show insufficient stability (see Figure 3) . Both drugs degraded already after just a short time. In general, Rifampin degraded faster than Minocycline. 
UV-VIS measurements of degraded antibiotics
UV-VIS spectra of a mixture of both antibiotics after storage at 37°C for up to 144 h in NaCl solution (0.9%) or Sörensen buffer, respectively are shown in Figure 4 . The arrow indicates a minimum in the spectra at  = 300 nm, where almost no change of intensity occurs over time. No differentiation between the two antibiotics can be made, but the potential to observe the combined concentration is demonstrated. Hence, this method could be used for determining the combined release of both antibiotics via UV-VIS measurements even under release conditions that promote the drug degradation, such as NaCl solution at 37°C.
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Figure 4: UV-VIS spectra of a Rifampin Minocycline (1:1) mixture after a defined storage at 37°C A) in NaCl solution (0.9%) and B) in Sörensen buffer. Stable range could be found in NaCl solution at  = 300 nm, indicated by the arrow. In Sörensen buffer no stable area was found.
Conclusion
The method for fast parallel quantification of Minocycline and Rifampin presented here may serve as a fast step of quality control and also contribute to coating processes, with a potential for online monitoring purposes.
The occurrence of a wavelength with an intensity not influenced by drug degradation may be used for determining the combined release of both antibiotics via UV-VIS measurements. This is even possible for release conditions that promote drug degradation, such as elevated temperatures, for example 37°C and NaCl solution (0.9%) instead of Sörensen buffer.
